Abstract The objective of this egocentric network study was to investigate engagement in serosorting by HIV status and risk for HIV between seroconcordant and serodiscordant ego-alter dyads. Respondent-driving sampling was used to recruit 433 Nigerian men who have sex with men (MSM) from 2013 to 2014. Participant (ego) characteristics and that of five sex partners (alters) were collected. Seroconcordancy was assessed at the ego level and for each dyad. Among 433 egos, 18 % were seroconcordant with all partners. Among 880 dyads where participants knew their HIV status, 226 (25.7 %) were seroconcordant, with 11.7 % of HIV positive dyads seroconcordant and 37.0 % of HIV negative dyads seroconcordant. Seroconcordant dyads reported fewer casual sex partners, less partner concurrency, and partners who had ever injected drugs, but condom use did not differ significantly. Serosorting may be a viable risk reduction strategy among Nigerian MSM, but awareness of and communication about HIV status should be increased. Future studies should assess serosorting on a partner-by-partner basis.
Introduction
Men who have sex with men (MSM) are disproportionately impacted by HIV in Nigeria, with HIV prevalence estimated to be between 12.4 and 47.6 % [1] [2] [3] [4] . Stigma, legal, and social sanctions against MSM have resulted in decreased uptake of HIV prevention, treatment and care services with sustained levels of HIV-related acquisition and transmission risks [2, [5] [6] [7] [8] . Between 2009 and 2011, the proportion of MSM in Nigeria accessing HIV prevention programs decreased from 60 to 18 % [1] . The significant burden of HIV combined with limited uptake of services among MSM has the potential to result in adverse individual level outcomes as well as sustained risks for onward HIV transmission. The TRUST project was established to gain insights about which biomedical and behavioral approaches are currently utilized by MSM for HIV prevention and to determine best approaches for augmenting uptake of effective tools.
Largely absent from the literature on HIV risk among MSM in sub-Saharan Africa is research regarding harm reduction behaviors, such as serosorting. These behaviors are important to capture because, as one component of risk reduction strategies in the MSM community, they may be particularly feasible to implement and acceptable to target populations in comparison to resource-intensive interventions such as preThe TRUST Study Group is listed out in acknowledgment.
& Cristina Rodriguez-Hart crodri32@jhu.edu 1 exposure prophylaxis (PrEP). The US Centers for Disease Control and Prevention (CDC) broadly define serosorting as ''a person choosing a sexual partner known to be of the same HIV serostatus, often to engage in unprotected sex, in order to reduce the risk of acquiring or transmitting HIV.'' [9] The actual impact of this practice on HIV risk, however, remains a subject of debate. Previous modeling studies using behavioral data from MSM found that serosorting increased the risk of transmitting HIV because undiagnosed HIV infection was common among MSM [10, 11] . On the other hand, other studies have found that serosorting offered some protection from HIV infection [12] [13] [14] . For example, a modeling study using data from a random sample of MSM in Seattle found that if serosorting was eliminated, HIV prevalence would increase from 16 to 25 % [15] . Despite this controversy, serosorting appears to be common and may be increasing in some developed countries [9, 16, 17] . Part of the controversy surrounding serosorting may stem from its measurement. Many studies have used a global measure of serosorting, where the behavior is assumed to occur with all partnerships [18] [19] [20] , ignoring the fact that MSM usually have multiple sexual partners and may use the serosorting strategy with some but not all sex partners. If serosorting is variable and applied to a range of partnerships, either some or all, then this may explain the discrepant findings on whether the behavior increases or decreases HIV transmission risk in prior studies. A survey of MSM in San Francisco in 2004 found that seroadaptive behaviors, including serosorting and sexual positioning, were the most common preventive strategy, but that men engaged in different behaviors with different partners [9] . To account for this possibility, serosorting is assessed in this study for each sex partner through the use of ego-network data collection where dyadic data of the study respondents ('egos') and their sexual partners ('alters') were collected to allow for the possibility that serosorting may vary on a partner-by-partner basis. Capturing this complexity is important for understanding a broader scope of sexual behaviors among a group of MSM who have high levels of HIV prevalence.
The objective of this study was to (1) describe and compare engagement in seroconcordant sexual encounters by HIV status at both the ego level and the ego-alter level (sexual partnerships), and (2) assess sexual risk for HIV infection, particularly condom use, among serodiscordant ego-alter dyads compared to seroconcordant dyads in a cohort of Nigerian MSM.
Methods

Study Design and Participants
The TRUST study is a prospective cohort study that utilizes respondent driven sampling (RDS) to recruit MSM into a comprehensive model of HIV prevention, treatment, and care services in Abuja and Lagos, Nigeria that has been previously described [4, 21] . Eligibility criteria included individuals who (1) were male, (2) were at least 15 years old, (3) had a history of insertive or receptive anal sex in the previous 12 months, (4) agreed to participate in the cohort study for 1.5 years; (5) agreed to sexually transmitted infection (STI) testing, (6) were able to provide informed consent either in English or Hausa, and (7) 
Data Collection
All participants completed face-to-face interviews and blood was tested for HIV according to the National HIV testing guidelines. Behavioral and clinical questionnaires were administrated at baseline and every 3 months for an 18 month period. This analysis was restricted to data collected at baseline.
The egocentric network questionnaire asked index cases (egos) to list up to five men (alters) with whom they had anal or oral sex in the past year. This questionnaire was developed and previously used in a study of HIV among attendees of an HIV counseling and testing center in Rio de Janeiro, Brazil [22, 23] . Questionnaire data specific to egos included demographics, HIV testing history, communication with sex partners about HIV status, anti-retroviral therapy (ART) use if HIV positive and sexual behavior. Questionnaire data specific to alters (egos' sexual partners) included alters' demographics, sexual behavior with egos, HIV status, and drug use.
Serosorting is measured at both the ego and ego-alter dyad level. At the ego level there are two types, those with known HIV status who only have sex with partners of like status (seroconcordant) and those who know their status but have sex with someone of known opposite status or do not know the status of their partner (serodiscordant/unknown). At the dyad level, as shown in Fig. 1 , there are seroconcordant ego-alter dyads-where both the ego and the alter have the same HIV status. There are also serodiscordant dyads-where the alter's HIV status is either discordant or unknown to his ego. Each ego has up to five ego-alter dyads as they were asked to list up to five male sexual partners (alters). A particular ego may have practiced seroconcordancy with some of his partners, but not with others. In order to investigate whether condoms are more frequently used by the serodiscordant dyads than seroconcordant dyads, condom use was measured at the level of the ego-alter dyadic relationship ( Fig. 1 ) and four combinations are identified-seroconcordant dyads or serodiscordant dyads who either did or did not use condoms consistently. For example, an ego may have consistently used condoms with serodiscordant partners, but not with seroconcordant partners. In this way, we were able to discern sexual risk for HIV transmission or acquisition among serodiscordant dyads. Sexual positioning data was only available at the ego level. For this we reported the proportion of egos who were insertive only, receptive only, and dual practice (insertive and receptive) in the past 12 months, stratified by ego's HIV status.
Data Analysis
For the ego data, answers of don't know, refusal, and missing were considered missing and were imputed using multiple imputation (MI) [24] . For the dyadic data, don't know answers were retained and only answers that were missing or refusals were imputed using MI because the don't know answers are an indication of how much the egos and alters had communicated with each other about their serostatus. Across both datasets, 1 % of data were missing and were imputed. Ego's HIV status was not imputed for either dataset.
For ego data, individual weights were computed for each variable using STATA Version 13 (College Station, TX) and were used to estimate RDS-adjusted univariate estimates with 95 % bootstrapped confidence intervals. For the dyadic data, non-RDS adjusted estimates were calculated for all analyses. The outcome variable was serosorting at the dyadic level. Since alters' responses were correlated within each egocentric network, logistic regression models using generalized estimating equation were used to assess factors that are associated with engagement in serosorting. For the multivariate analysis, all dyadic variables except frequency of sex with alter were included in the model. Frequency of sex with alter was excluded because it was collinear with alter type. Separate multivariate models were assessed for dyads in which the ego is HIV negative and dyads in which the ego is HIV positive.
Results
Ego and Alter Characteristics
The 433 participants (egos) reported 1741 most recent sex partners (alters). The mean age of egos is 24.7 years (Table 1) . Most egos have a high school or less education (70.9 %), are employed (55.3 %), identified their sexual orientation as bisexual (73.7 %), had never been married (87.8 %) and identified their gender as male (84.8 %). A small proportion spoke with their sex partners about their HIV status (17.1 % with main partners and 8.1 % with casual partners). The crude estimate of HIV prevalence is 46.7 % (among positive egos 53.0 % are undiagnosed) and the RDS-adjusted prevalence is 41.4 %. Sex partner alters tend to be older, better educated, of higher socio-economic status (SES) than the egos and a greater proportion identified as gay or homosexual and had been married (Table 1) .
Serosorting Among Egos
Of 433 egos, 220 (50.8 %) knew their HIV status prior to the interview. Eighteen percent of egos (n = 40) were seroconcordant with all of their sex partners (Table 2) , thus defined as serosorters. Among the 95 HIV positive egos who knew their HIV status, only 4 (4.2 %) reported that all of their male sex partners were HIV positive (serosorters) and 91 (95.8 %) reported having had at least one sex partner of discordant status. Among the 125 HIV negative egos who knew their HIV status, 36 (28.8 %) reported that all of their male sex partners were HIV negative (serosorters) and 89 (71.2 %) reported having had at least one sex partner of discordant status. Positioning data was available for 219 egos who knew their HIV status. Among the 94 HIV positive egos, 19.1 % were only insertive, 20.2 % were only receptive, and 60.6 % were dual practice. Among the 125 HIV negative egos, 42.4 % were only insertive, 17.6 % were only receptive, and 40.0 % were dual practice.
Patterns of Seroconcordance at the Ego-Alter Dyadic Level
The 220 egos who knew their HIV status generated a total of 880 ego-alter dyads ( Table 2 ). The 95 HIV positive egos reported 394 ego-alter dyads of which 46 (11.7 %) were seroconcordant dyads. The 125 HIV negative egos reported 486 ego-alter dyads of which 180 (37.0 %) were seroconcordant dyads. Therefore, the majority of egos engaged in seroconcordant partnerships with some of their partners, but not all of their partners. In total, 226 dyads were seroconcordant dyads (either HIV positive or HIV negative ego-alter dyads), amounting to only 13.0 % of all 1741 ego-alter dyads and 25.7 % of 880 dyads where the ego knew their own HIV status. The majority (66.1 %) of alters' HIV status was unknown to egos.
Characteristics and Sexual Risk for HIV Infection Between Seroconcordant and Serodiscordant Dyads
As depicted in Table 3, compared with serodiscordant dyads used condoms consistently (p = 0.48). For dyads in which the ego was on ARTs, seroconcordant and serodiscordant dyads similarly reported low proportions of consistent condom use (27.5 and 23.8 %, respectively). However, for those not on ART at enrollment, seroconcordant dyads had a higher proportion of consistent condom use (60.7 %) as compared to serodiscordant dyads (34.0 %) (p = 0.013). These calculations excluded 11 dyads in which the ego did not report insertive or receptive anal sex with the alter. Consistent condom use was not significantly associated with serosorting in the multivariate analysis.
Discussion
The current study captures the complexity of serosorting behaviors at the ego and ego-alter dyadic level among MSM in Nigeria. One caveat is that our definition of serosorting, that of seroconcordance, is not conditioned on condomless sex in order for condom use to be evaluated as an independent risk reduction strategy. Among egos, seroconcordance with all reported sex partners was not a common practice among Nigerian MSM and HIV positive egos were less likely to serosort than HIV negative egos. Similarly on the dyadic level, the prevalence of seroconcordancy was lower (26 %) than previous estimates in studies from high-income countries [25, 26] .
For the dyadic relationships that were seroconcordant, they appear to have a lower risk profile, as observed in prior studies [14, 27] . Seroconcordant partnerships were less likely to have a casual partner, a partner who practiced concurrency, or a partner who ever injected drugs. Seroconcordant dyads had a significantly stronger friendship than did serodiscordant dyads. In contrast, the majority of serodiscordant couples, who were demographically very similar to the seroconcordant dyads, did not use alternative risk reduction strategies. These findings, from our analysis of ego-alter dyadic relationships, are all behaviors and characteristics that are desirable to promote, and a more in-depth understanding of the drivers of such favorable behaviors is a goal of the current longitudinal TRUST study.
Biomedical prevention through early and effective use of ART has emerged as a key strategy for HIV prevention because it directly impacts transmission by reducing viral load [28] and we have previously published on the uptake of treatment as prevention in this cohort [4] . We did not observe any association between current ART use with inconsistent condom use in seroconcordant or serodiscordant dyads. However, seroconcordant dyads did use condoms more consistently when egos were not on ART. This suggests that, overall, MSM in Nigeria are not using multiple modalities of prevention-serosorting with condom use and ART use-and that future interventions should promote multiple methods of HIV prevention. The higher risk behavior and the lack of prevention modalities [29] . Our previous analysis [30] showed that stigma directed at MSM in Nigeria significantly increased in the wake of the 2014 passage of the Same Sex Marriage Prohibition Act law. Effectively promoting HIV testing-of its increasing importance with expanding accessibility of ART-requires a better understanding of HIV testing practices and HIV disclosure in this population in order to implement quality HIV testing and counseling approaches.
Unique to this study was its ability to methodologically assess condom use in conjunction with seroconcordancy at the dyadic level. As mentioned in the introduction, many studies use a global measure to assess serosorting and link it to sexual risk, ignoring the fact that a particular man may use the serosorting strategy with some, but not all his partners. These definitions of serosorting may limit researchers' abilities to evaluate a number of important differences between seroconcordant dyads and serodiscordant dyads, including condom use, partner type, and participants' HIV status [18, 31, 32] . Few studies have used dyadic data in their analysis as was done in this study. By collecting information at the ego-alter dyadic level, we could clearly map seroconcordancy or serodiscordancy in egos' sexual networks, which is especially important given the fact that MSM tend to have multiple sex partners. Therefore, our measurement of serosorting at the ego-alter level can be used (1) to describe to what degree a man uses a seroconcordancy strategy with his partners in his sexual network, (2) to quantify the level of sexual risk practices between seroconcordant dyads and serodiscordant dyads, and (3) to investigate factors associated with engagement in seroconcordancy to help answer the question of why a particular man uses this strategy with some of his partners, but not others.
There are a few limitations to this study. Our definition of serosorting makes it difficult to compare our estimates to other studies, but it builds upon prior work and improves our understanding of serosorting on an individual partnership level. Serosorting was behaviorally defined and did not elicit whether it was intended. It is likely that a number of dyads were not intending to serosort, but in the absence of a measure of intention, it could be inferred at least for those who were seroconcordant for all dyadic relationships. Serosorting was also more common among HIV negative dyads, which may be due to chance. Knowledge of one's HIV positive status is relatively rare and, therefore, HIV negative seroconcordant dyads are much more likely to occur. Although we found that partners tended to be of higher SES than participants, this may be due to the fact that studies utilizing RDS tend to recruit lower SES individuals and this would bias our findings towards having participants of lower SES than their partners. Because of the temporal ambiguity bias in the cross-sectional study, causal relationship between dyadic factors and serosorting could not be established. The lack of adjustment for RDS in the dyadic and multivariable analysis means that some characteristics of dyads may be over or under estimated, limiting the generalizability of our results to the broader MSM population in Nigeria.
Our findings provide strong data on the value of promoting knowledge of serostatus and open disclosure between sexual partners to promote safer sex, which is important given the high prevalence of HIV observed in our study population. Additional study to understand the drivers of favorable behavior provide a foundation for future interventions in this cohort to advance the prevention research agenda. The CDC found that choice of a sex partner based on the sex partner's HIV status has the greatest impact on reducing the risk of HIV acquisition above and beyond the impact of condom use and sex act [33] . Therefore, accurately capturing seroadaptive behaviors among MSM, conducting mixed method studies to enrich our understanding of individual factors, and drilling more deeply into the role of network norms in impacting favorable behavior is a current focus of future investigations in the TRUST cohort. The type of robust data in this study provides fuller dimensionality for defining the matrix of serosorting in the context of the complex sexual networks of MSM and supports the expanded use of egonetwork analysis that will hopefully be more widely adopted to support cross study comparisons. As pointed out by Snowden et al., seroadaptive behaviors are likely to be contextual and fluid, concluding that common measures of risk are inadequate measures of preventive or risky behavior [34] . Given our findings, serosorting may be a viable harm reduction strategy for this population to be used in conjunction with HIV testing and consistent condom use. Longitudinal study in the TRUST cohort is planned to provide a more granular understanding of the factors that impact this dynamic.
